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What are big data?
the term ‘big data’ is now frequently used in medicine. 
but what does this really mean and how is it relevant to 
the clinician as well as researcher? the background of 
this increasingly popular term is discussed here; what it 
means in clinical practice, for patients and for research; 
and why scotland is poised to take advantage of this big 
data revolution. 
there is no universal agreement on the meaning of big data. 
indeed to many the term is vague, ill-deﬁ ned and confusing. 
it generally refers to large or complex data, often requiring 
terabytes or petabytes of storage. it might refer to large 
amounts of information at a population, regional or local level 
or span different geographical areas. to put this in context, 
a terabyte could hold 1,000 copies of the Encyclopaedia 
Britannica and a petabyte 20 million four-door ﬁ ling cabinets 
of information.1 
traditionally, the term ‘big data’ has been linked to the 
explosion in the ability to capture and store data generated 
by the use of electronic devices in daily life. however, it is 
increasingly recognised that it also describes the large volume 
of patient information collected in everyday health and social 
care practice. less well recognised is that using so-called 
big data for clinical improvement has a much longer history. 
in 1839, William farr (a british epidemiologist) realised the 
beneﬁ ts of routinely collected data when he established 
a system for recording the causes of death. this allowed 
mortality rates to be compared for the ﬁ rst time and assisted 
in improving public health. 
as clinicians and practitioners, we are constantly using or 
generating big data, often without awareness. every patient 
admitted, discharged, reviewed in clinic or collecting a 
prescription generates valuable data which can be harnessed 
for improvements in care. one beneﬁ t of big data in medicine 
is that it is from real people (patients) using the nhs rather 
than the rareﬁ ed populations that take part in clinical trials. 
often, the power of big data is harnessed by data linkage. 
data linkage is the process of combing datasets to ensure 
information on an individual is linked to several different 
outcomes (e.g. medications prescribed, number of and 
reason for hospital admissions). the concept of data linkage 
is not a new phenomenon. throughout the 20th century, data 
linkage (or record linkage) has become an important aspect 
of public health practice. in 1946, halbert dunn (Chief, us 
national ofﬁ ce of vital statistics) described linking birth and 
death records:
each person in the world creates a book of life. this book 
starts with birth and ends with death. its pages are made 
up of the records of the principal events in life. record 
linkage is the name given to the process of assembling 
the pages of this book, into a volume.
health informatics is a term that encompasses using data 
linkage to create large electronic datasets to improve the 
health and care of patients and the public. 
Relevance to all – not just research 
big data are not only relevant to researchers. the implications 
for practising clinicians, patients and researchers of 
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understanding healthcare, advice on healthcare policy and 
designing services is signiﬁ cant. in a digital world we are 
surrounded by data. Within medicine, data sometimes seem 
separate from our clinical job, and yet they are an integral part 
of delivering patient care and developing patient services. 
since their introduction, electronic health records have 
collected vast amounts of information on the patient, the 
healthcare provider and the delivery of healthcare services. 
it is through these data that resources for clinical work can 
be allocated or a greater understanding of our patients’ 
diseases or risk factors at a local, regional or national level 
can be gathered to improve patient care. 
everyone working in the nhs is by default involved with big 
data generation for current and future research and the 
wellbeing of patients, whether they are researchers or not. 
therefore we all have a duty to understand how the recording 
of our patient–clinician interactions and diagnoses can 
inﬂ uence the veracity of the big data that are later analysed, 
as well as how we can all realise the potential of big data in 
our individual specialties. 
an example of big data in clinical practice is the scottish 
Care information diabetes Collaboration (sCi-diabetes), 
established in 2002.2 real-time clinical information is 
collected in a fully integrated and shared electronic patient 
record by clinicians. it crosses the primary–secondary care 
interface and tracks information on all 300,000 patients with 
diabetes in scotland. the detailed data gathered provide 
valuable insights into the diabetes community, including 
trends in treatment and clinical outcomes. 
the farr institute has highlighted 100 ways of using data 
to make lives better in their case examples, many using 
scottish data.3 a powerful example from scotland highlights 
the key role clinicians have in ensuring the accuracy of current 
diagnoses and past medical history recorded on electronic 
health records.4 a team at the universities of stirling and 
glasgow and nhs information services division edinburgh 
looked at suicides linked with hospital records. a quarter of 
suicides were people who died within three months of their 
last hospital (general and psychiatric) discharges. only 14% 
discharged had a mental illness recorded during their last 
hospital visit despite one in ﬁ ve having a history of previous 
mental illness.4,5 this study highlights gaps in the current 
management and follow-up of these individuals and helps 
identify areas for targeted training and intervention to address 
this problem. these ﬁ ndings come from everyday practice but 
it is only by analysing these data can we ﬁ nd ways to prevent 
similar failures happening again. this highlights the crucial 
role all frontline staff have in contributing to the veracity of 
big health data.
the twitter hashtag coined by the farr institute is 
#datasaveslives. this exempliﬁ es the farr institute’s aim 
of highlighting how data can save lives by using health data 
in research to give new understanding and insights, which 
beneﬁ ts patients and improves public health. 
Big data in Scotland
Procedures for storing and accessing big data vary 
internationally and within the four nations of the uK. some 
countries legislate for the use of data (e.g. Care act 2014, 
england and Wales) and linking data sets, and others have 
a more pragmatic approach (e.g. scotland). 
a key feature to facilitate the linking of big datasets is to 
have a universal identiﬁ er present across all datasets, known 
as a unique identiﬁ er. in scotland, the Community hospital 
index (Chi) is a unique identiﬁ er which includes the person’s 
date of birth (the ﬁ rst 6 digits) followed by a unique four digit 
ending (which indicates region of birth [or ﬁ rst registration] 
and gender). the decision in the 1970s for every person 
registered with a gP in scotland to be allocated this unique 
identifying number from the Chi (centrally maintained) register 
was invaluable. the scottish record linkage system, using 
the Chi, started in the late 1980s. Compared with the nhs 
number, the Chi number is a person-speciﬁ c identiﬁ er and 
must be used in every hospital or gP episode. although the 
nhs number is a unique identiﬁ er, it was not primarily used 
for linking data. as it does not contain the patient’s date of 
birth it is harder to ensure matched records belong to the 
same person. the Chi system makes this process much 
more efﬁ cient as it makes access to routine clinical data 
and health episodes for research easier and less expensive.
one of the most striking recent examples of using big data 
in scotland is the evaluation of the effects of the smoking 
legislation introduced in 2006.6 researchers were able to 
evaluate trends in hospital admissions to determine the 
impact of this national policy on the health of scotland’s 
citizens.7,8 Without using routinely collected big data, this 
evidence would have been more difﬁ cult, and expensive, to 
collect, relying on bespoke data collection. 
through this unique identiﬁ er, scotland has created the 
scottish longitudinal study, which incorporates census data 
linked to health records and education data.9 this is one of 
the world’s largest administrative datasets. it demonstrates 
the feasibility of linking multiple data (health, demographic 
and socio-economic). this work is only possible due to the 
establishment of key centres in scotland to ensure data 
linkage conforms to the key principles and governance of 
data linkage. these centres have developed over time as 
the recognition of the power of data linkage in improving 
healthcare and research is growing (box 1). 
Characteristics of big data
the three vs of big data first described in 2001 by an 
american it ﬁ rm10 are still used and relevant now:
1. Volume – the scale/size of the data
2. Velocity – the speed at which it is generated
3. Variety – the varying forms the data is available in – 
images, text
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however, many have argued the recent addition of a fourth 
and fifth: Veracity (the accuracy of the data) and Value 
(allowing new insights and understanding).11,12 
in medicine, this fourth point is of critical importance. if the 
data we have to analyse do not have sufﬁ cient accuracy, 
then the output and relevance to clinical practice will be 
questionable. When considering how big data can shape what 
we do now in healthcare, and may inﬂ uence future work, it is 
important to consider the ﬁ ve vs of big data.
Challenges and complexities of big data
there are many challenges in using big data to inform our 
understanding of health. these are partly exempliﬁ ed by 
the rapid growth of data sets and constant generation of 
healthcare data from multiple sources. the challenges can 
be grouped into three key areas:
1. data governance, including storage, transferring, sharing 
and privacy
2. data generation, including capturing, curating, updating 
and accuracy
3. data output, including analysis, querying large datasets 
and generating meaningful and reliable outputs
Data governance
there are numerous processes in place to safeguard the 
public and patients’ interests. navigating the path of research 
ethics and the variety of permissions required is never easy.13 
these ensure that non-identiﬁ able data are used and that it 
is for a worthy cause in the public’s interest. 
Public concern exists over use of patient data and the 
potential for commercialisation.14,15 Public engagement has 
emphasised that researchers must ensure that health and 
social care data linkage research does not risk identifying 
individuals, is secure and that it demonstrates beneﬁ ts for 
patients and other service users or the public.16 therefore, 
it is appropriate that there are strict guidelines, codes of 
conduct and governance that surround accessing patient 
data in scotland. it is the role of everyone in the nhs to 
understand the governance and strict protocols in place that 
govern data linkage and analysis. 
Data generation
it takes time to generate large datasets. rarely are they 
complete and establishing the best method of linking 
datasets, to ensure the person with missing data is 
correctly linked to the related records, is vital. advances in 
methodological developments of data linkage are rapid.17 
one key challenge for analysing big health data is the ability 
to ascertain diseases through the accuracy of clinical coding. 
diagnoses recorded by clinicians are coded according to the 
iCd-10 code of diseases18 researchers are mindful of ensuring 
these diagnoses are accurate when using big data sources,19 
rather than individual patient assessment methods. 
data are only as good as what has been entered by the 
individual doctor or nurse and then translated or transcribed 
by the coders in medical records. this is even more 
important when looking at large volumes of data; the belief 
that larger numbers result in a more accurate picture is not 
necessarily true. 
Data output
if all diagnoses are transcribed but the coding is incorrect, 
this could result in erroneous calculations of the prevalence 
of different diseases and, importantly, the reasons for 
admission to hospitals. this has far reaching consequences 
when we combine this incorrect information with the basis 
for funding services or driving forward health policy. We 
know from several articles that incorrect coding adds to this 
inadequate knowledge of people who use the nhs.20 in times 
of a cash-strapped and over-stretched nhs, having accurate 
data on who uses the nhs and the conditions they present 
ScottisH Informatics Programme
shiP31 was initiated in 2009, and involving four 
universities and the information services division (isd) 
(part of nhs national services scotland), the principal 
source of statistics and healthcare services in scotland. 
shiP was the ﬁ rst organisation developing data linkage 
in scotland to improve healthcare of patients and public. 
it is a scotland-wide research platform for collating, 
managing, governing and analysing electronic patient 
records. this work has now moved to the farr institute. 
Farr institute of Health Informatics Research
dundee university was the original centre that led to 
the creation of the farr institute32 in scotland. following 
expansion, the farr institute is a well-recognised uK-
wide clinical research collaboration. scotland now has 
seven (six universities and nhs health scotland) out 
of the 24 academic institutions and health partners 
across england, scotland and Wales who are part of 
this uK-wide research collaboration. nhs scotland is the 
principle health data custodian in scotland. 
Administrative Data Research Network
adrn33 has centres in all four nations of the uK. the 
administrative data research Centre (adrC) for scotland 
is led by the university of edinburgh and incorporates 
seven major scottish research centres. administrative 
data refers to education, housing, transport etc. and that 
collected in speciﬁ c surveys of health or care behaviours/
attributes, such as the scottish health survey, which 
have been linked to health data.34 
Scottish Informatics and Linkage Collaboration
silC35 is a collaboration of adrn, the farr institute 
scotland and the urban big data Centre.
Box 1 overview of recent key centres in the development of big 
data in scotland
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with is relevant to all of us. the scottish morbidity record 
(smr) in box 2 illustrates how diagnoses are recorded and 
used for understanding diseases.
the accuracy of clinical coding must start from admission 
onwards. discharge is an equally important time for ensuring 
accurate information to allow iCd codes for prevalence of 
diseases to be ascertained. all healthcare staff must be 
informed how the data they generate are used in order to 
help them understand the vital role of clinical coding and 
discharge correspondence to improve healthcare. 
Social care data 
social care data can also provide a valuable opportunity 
to understand variations in patients’ journeys. thirty-two 
local authority areas in scotland have responsibility for the 
provision of social care21 to the larger 14 regional health board 
areas.22 therefore, a health board will include residents from 
multiple local authorities. this distinction can manifest as 
variation in patient services available within the same ward. 
this includes access to home care services and care home 
funding. as social care support directly inﬂ uences the ability 
to safely discharge patients, understanding the variation 
across scotland is vital, particularly as our population ages 
and care needs increase. the scottish government has 
commissioned the information services division to work with 
local authorities and nhs boards in the health and social 
Care data integration and intelligence Project.23 a key aim 
is to develop linked, shared databases containing individual-
level anonymised health and social care data to evaluate 
interventions, policies and trends.23 Central analysis will allow 
comparisons between local authority areas. by identifying 
variation, regions can consider each other’s services and 
learn from examples of good practice to improve outcomes, in 
keeping with a key strand (reducing unnecessary variation in 
practice and outcomes) of the Chief medical ofﬁ cer’s report.24 
the scotland social Care survey is collecting information 
on home care usage, community alarms, telecare, and self-
directed support.25 the Care home Census, collected since 
2002, is another source of social care data in scotland. it 
provides aggregate data on care homes, places, residents, 
length of stay and individual-level data on long-stay 
admissions.26 unlike the social Care survey (which produces 
a snapshot of use at one time), the annual Care home Census 
aims to capture activity throughout the year; however, the 
completeness of these data has not been formally assessed. 
both resources will have Chi added to help facilitate linkage 
with other routinely-collected data sources. 
analysis of english social care data suggests greater issues 
with data quality than those found in health data, although the 
authors propose some of this could be addressed by linking 
the two, maximising their usefulness.27 a pilot project in nhs 
tayside found that differences in documentation, recording 
and variables meant the work was feasible but challenging 
and required joint working to understand organisational 
culture and practice.28 building and maintaining cross-
organisational relationships takes time.28 
The future
scotland is poised to take advantage of the big data revolution 
in healthcare due to the unique identiﬁ er (Chi), one data 
custodian (nhs scotland), and collaborative organisations for 
data linkage. few countries have the ability to link high quality 
data of national coverage to allow patient-based analysis and 
follow up, and as the drive to integrate health and social care 
data increases this will provide a valuable additional resource 
to understand the patient journey.
routinely collected health and social care data can be used 
to ensure practice is evidence-based, by examining in real-
time the effects of changes at a local or national level on the 
outcomes of those directly affected. Comparison between 
areas to identify and explore variations allows targeted 
work to learn from and share good practice. following the 
integration of health and social care in law,29 the impetus is 
there to deliver improvements to the lives of the people of 
scotland through more effective joint working. 
there is tremendous potential to improve practice and 
conduct relevant research using routinely-collected data to 
smr 01 data lists all admissions and day cases where 
an individual is admitted to an nhs general hospital in 
scotland according to their iCd code.36 
What is recorded?
While there may be more than one diagnosis or medical 
problem during an admission episode, these may not all 
be included when translated from the paper or electronic 
records to the smr 01 data. additionally, if the coders 
in medical records are busy then only the ﬁ rst diagnosis 
is entered. 
this is of relevance clinically, ensuring the ﬁ rst diagnosis 
is the most accurate in reﬂ ecting the patient’s clinical 
picture. it is also important when considering national 
rates of diseases and reasons for hospital admissions. 
National prevalence of diseases
understanding the number of people in scotland 
recorded with dementia is dependent on those with 
dementia being diagnosed and then clinicians recording 
dementia in clinical records. however, dementia is not 
commonly the principal reason for an acute admission to 
hospital, so it may not feature on the discharge summary 
unless recorded in ‘other diagnoses’ section. therefore, 
a researcher looking for a disease such as dementia 
(rarely recorded as a primary reason for admission) 
may believe there are fewer people with a diagnosis of 
dementia using hospital admission data alone. We could 
draw the conclusion that those with dementia admitted 
to hospital, from the smr 01 records, could be a far 
lower prevalence than would be accurate. 
Box 2 the scottish morbidity record
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help understand how to work towards delivering optimal care 
at home or in a homely setting, the goal outlined in both the 
scottish government’s vision 2020 and the six essential 
actions to improving unscheduled Care.30 
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